Abstract
INTRODUCTION
Elastomeric bearings have been used in bridge engineering since the 1960s. Nowadays, some modifications of the shape and functions of the material are taking place. The latest trends in this field are the use of carbon fiber instead of steel reinforcing plates and the use of bearings as an insulator of unwanted movements with various design modifications or various modifications to the elastomer material itself. The design and construction requirements are based on standardized relations and recommendations, which are valid only for the basic types of reinforced elastomeric bearings. Since they have begun to be used, there have been no constructional changes or adjustments.
The paper deals with the effects of reinforcements, primarily the number of elastomeric layers and their thickness. Fig.1 represents the non-linear dependency of vertical deflection v z on a maximal vertical load at a constant thickness (5, 7.5, 10 and 12.5mm) of an elastomer layer. According to formula (3), the vertical deflection depends on three variable values -the effective area A eff, the thickness of the individual elastomer layer t i, and the shape factor S. It can be seen that an increase in the thickness of an elastomer DOI: 10.1515/sjce-2016-0005 layer results in a decreased maximal vertical load and increased vertical deflection. The maximal vertical load, maximal vertical deflection and shape factor of the bearing are given by the following formulas:
Effects of the thickness of an elastomer layer
(1) (2) (3) Fig. 2 Dependence of the maximal vertical load on the shape factor for thicknesses of 5, 7.5,10 and 12.5mm 
elastomer layers.
The graph and formulas show that the number of elastomeric layers (symbol n i according to EN 1337-3) does not have an influence on the allowed vertical load, vertical deflection, and shape factor. The result is that standard EN 1337-3 does not expect either nonlinear behavior of elastomeric bearings or any effect from the number of elastomeric layers on the maximal load. These effects have been verified by numerical modeling and experimental testing as seen in the next part of the work.
TESTING METHODS
Nowadays, the current STN EN 1337-3 standard recommends three methods of testing elastomeric bearings. This results from the three common most reactions, from a load-bearing structure -the vertical load, horizontal movement and rotation. These reactions are verified by the compression, shear modulus and restoring moment test methods. The bearings described in Tab. 1 and Fig. 3 were designed for the experimental verification. 
Compression test method
A compressive load occurs in every field of the application of elastomeric bearings. The deformation of the bearing is influenced by the use of reinforcing layers. The main parameters of the compressive load are the maximal vertical force, vertical deflection, and the modulus of elasticity in compression E C . The test consists of measuring the compression of an elastomeric bearing when subjected to increasing compressive loads. The testing procedure specified by standard [1] is shown in Fig. 4 .
The standard [1] recommends three level testing procedures, where the test piece should be placed at the centre of the testing platen. The maximum load (1) should be applied to the bearing, held for 1 min and then removed. The recommended loading speed is 10 MPa/min. This process is repeated so that two complete loading and unloading cycles are carried out. After a further 10 min under a zero load, the next load is applied progressively with a minimum of six increments. At each measuring point, the load is maintained at a con- stant value for a minimum 2 min. to minimize the viscoelastic effects. After the first loading, the maximum compressive load is applied progressively with a minimum of five increments at a rate of 5±0.5 MPa.
Tab. 1 Numbering of bearing and dimensions and number and thickness of layers.

Shear modulus test method
The test consists of measuring the shear deflection of a pair of identical bearings, when they are subjected to increasing shear loads. From these measurements, the apparent shear modulus is calculated.
Fig. 8 Testing procedure for the shear modulus test method.
The test pieces should be placed symmetrically on each side of a moveable plate so that the shear direction is across the width of the bearing. A mean pressure of 6 MPa should be applied. Then the bearings should be subjected to a shear at a constant and maximum speed Vol. 24, 2016, No. 1, 34 -40 of 150mm / minute to the maximum test deflection of 80% of the total initial thickness of the elastomer (T e ) and then returned to the zero deflection. The compressive load should be removed and the test pieces left undisturbed for five minutes. The cycle should then be repeated.
A conventional shear modulus is obtained from the measurement using:
(4) where:
τ s2 is the shear stress and ε s2 the shear strain at a deformation of v x2 = 0.58.T e τ s1
is the shear stress and ε s1 the shear strain at a deformation of v x1 = 0.27.T e
Restoring moment test method
The restoring moment is defined as the moment required to rotate a bearing through a required angle. This type of load in bridge engineering is caused by a traffic load.
The moment is applied through a lever arm between two identical bearings. The bearing should be rotated at a specified frequency while being subjected to the specified compressive load for 10 cycles. The force on the lever arm should be recorded. The experimental value of the restoring moment is given by the expression: (5) where:
F z1 and F z2 are the positive and negative values of the load at the tenth cycle to the lever arm, at the distance l from the centre of the bearing.
NUMERICAL MODELING
The numerical modeling was carried out using ANSYS software, which works according to the finite element method. The modeling of the individual loading case is dependent on the type of stress. For the shear modulus and restoring test methods, the parts for applying the horizontal and vertical movements (Figs. 13, 14) were modeled according to the actual testing. The bearing was built from individual layers and then the support and load were applied. Symmetry for a half bearing was used for more rapid calculations. Neo-Hook material model was used for representing the elastomer. An elasto-plastic material model with a defined working diagram from a tensile test of steel sheet was used for the steel sheet. The type of element used was a 3-dimensional, 20-node structural SOLID 186 with three degrees of freedom per node. Vol. 24, 2016, No. 1, 34 -40 
Tab. 2 Results from the compression test method -vertical deflection [mm].
RESULTS
The vertical deflection and modulus of elasticity in compression are the values resulting from the compression test method. The value of the modulus of elasticity in shear resulted, from the loading in shear and was the restoring moment from resistance to rotation. The values from the experimental testing were compared with the values according to the standard STN EN 1337-3 and the values from the numerical modeling. The bearings above the double line are from type 1, and the ones below are from type 2 (Tig.3).
Tab. 3
Results from the compression test method -modulus of elasticity in compression [MPa] . The photos below provide a better illustration of the behavior of the bearings according to the various testing methods. 
Tab. 5 Results from the restoring moment test method.
number σ z [MPa] α [‰] M STN EN [kNm] M ANSYS [kNm] M
